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NOTATION

The notation in this report is consistent with the International
Towing Tank Conference Standard Symbols of 1976.* Any gther symbols

used in this report are defined on the following pages.

T

*The British Ship Research Association, Technical Memorandum
Number 500, May 1976




NOTATION (CONTINUED)

CONVENTIONAL SYMBOL APPEARING DEFINITION
SYMBOL ON PLOTS
AN COS COEF The cosine coefficient of the N£h
harmonic*
By SIN COEF The sine coefficient of the No&
harmonic#
c C Pressure reading at center hole of
5-hole pitot tube
D -— Propeller diameter
Jv Jv Apparent advance coefficient Jv =V
(dimensionless) nD
N N Harmonic number :
|
n - Propeller revolutions ;
P P Pressure
r/R or x Radius or RAD. Distance (r) from the propeller axis
expressed as a ratio of the propeller
radius (R)
Rn Rn Reynolds number V:L/v
i R1l, R2 R1, R2 Pressure reading at radial holes of
' 5-hole pitot tube
T1, T2 T1, T2 Pressure reading at tangential holes
i of 5-hole pitot tube
v v Actual model or ship velocity
Vb(x,e) —_— Resultant inflow velocity to blade
for a given point
Vg(x) - Mean resultant inflow velocity to
blade for a given radius
Vr(x,e) VR Radial component of the fluid velocity

for a given point (positive toward the
shaft centerline)

%
( see footnote on page x )
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NOTATION (CONTINUED)

‘ CONVENTIONAL SYMBOL APPEARING DEFINITION
f SYMBOL ON PLOTS
V;(x) - Mean radial velocity component for a

given radius

Vr(x,e)/V VR/V Radial velocity component ratio for a
. given point

V;(x)/v VRBAR Mean radial velocity component ratio
for a given radius

Vt(x,e) VT Tangential component of the fluid
velocity for a given point (positive
in a counterclockwise direction
looking forward)

Vt(x) - Mean tangential velocity component
for a given radius

Vt(x,ﬂ)/V VT/V Tangential velocity component ratio
for a given point

Vt(x)/v VTBAR Mean tangential velocity component
ratio for a given radius

(Vt(x)/V)N AMPLITUDE Amplitude (By for single screw

b symmetric; Cy otherwise) of Nth
7 harmonic of the tangential velocity
k- component ratio for a given radius*

, ‘
£ Vx(x,a) VX Longitudinal (normal to the plane of
survey) component of the fluid velocity
for a given point (positive in the
astern direction)

V;(x) - Mean longitudinal velocity component
for a given radius
v (x,8)/v VX/v Longitudinal velocity component ratio
x for a given point
vV (x)/V VXBAR Mean longitudinal velocity component
x ratio for a given radius
(Vx(x)/v)N AMPLITUDE Amplitude (Ay for single screw

symmetric; Cy otherwise) of Nth
harmonic of the longitudinal velocity
component ratio for a given radfus*

-
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NOTAT10ON (CONTINUED)

CONVENTIONAL SYMBOL APPEARING DEFINITION
SYMBOL ON PLOTS
1-w(x) 1-wX

l—vv(x) 1-wvX
<) (x » e) -
B(x) BBAR
+AB BPOS

1-w(x/R) = ¢

Volumetric mean velocity ratio
from the hub to a given radfius

r. /R 7
2 (Vx x)/V) » x + dx

r. .,/R

hud

(r/R)2 - (rhub/R)Z

Vx (x,8)

where Vx x) /v =f O T a8
c 0

and v, x,8)/v = (Vx(x,e)/v)

c
-V, (%,0)/V) tan (8(x,9))

Volumetric mean velocity ratio from
the hub to a2 given radius (without the
tangential velocity correction)

/R

——

‘2 . (G;(x)/V) - x - dx

1-w(r/R) = T

hub/R

€ - (107

Advance angle in degrees for a given
point

Mean advance angle in degrees for a
given radius

Varfation of the maxlman advance aagle
from the mean for a given radius

ix




NUTATION CONTIKUED)

CONVENTIONAL SYMBOL APPEARING DEFINITION
SYMBOL ON PLOTS
¢N PHASE ANGLE Phase angle of Nth harmonic¥*

*
The harmonic amplitudes of any circumferential velocity distribution

f (B) are the coefficients of the Fourier Series:

N N
£(9) = Ay +NZ‘ AN cos (N9) +Z BN sin(NB)

Nt
= A+ iCN sin(N8 + cDN)
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NOTATION (CONTINUED)

-A8 BNEG Variation of the minimum advance
angle from the mean for a given radius

6 Angle in degrees Position angle (angular coordinate)
in degrees

<l

/v

] Pione of
Propelier

)

| pute w x/ 'Jv ¢!¢ vf/ V___'

VELOCITY DIAGRAM OF BETA ANGLES

ENGLISH/SI EQUIVALENTS

ENGLISH S1

1 inch 25.400 millimetres [0.0254 m (metres]
1 foot 0.3048 m (metres)

1 foot per second 0.3048 m/sec (metres per second)

1 knot 0.5144 m/sec (metres per second)

1 degree (angle) 0.01745 rad (radians)
1 inch Water (GOOF) 248.8 pa (pascals)




ABSTRACT

Model experiments were conducted in a towing
tank to determine the fully appended power pred-
ictions for a preliminary design of a Salvage Ship
(ARS-46) fitted with stock propellers. Powering
predictions for the ship going astern and for the
ship in bollard-pull and towrope-pull conditions
are presented. The results of a wake survey
experiment performed in the plane of the propeller ;
disk are presented. The harmonic analysis of the
circumferential distribution of the longitudinal
and tangential velocities are also presented.

ADMINISTRATIVE INFORMATION

This project was performed at the David W. Taylor Naval Ship R&D
Center (DTNSRDC) Bethesda, Maryland 20084. This investigation was
authorized by the Naval Sea Systems Command (NAVSEA) in Work Request
N65197-79-WR91584. The DTNSRDC Work Unit Numbers are 1524-698 and 1524-710.

INTRODUCTION
The Naval Sea Systems Command (NAVSEA) initiated a model experimental
program at the David W. Taylor Naval Ship R&D Center (DTNSRDC) to aid in
the evaluation of a preliminary design for a 240-foot (73.15 m) ARS-46"

salvage ship. This report presents results from the following experiments:
1. Optimum Rudder Angle, Resistance and Free Route Propulsion
2. Ahead Bollard Pull and Towrope Pull
3. Astern Propulsion and Bollard Pull
4. Wake Survey in Free Route Ahead Condition

DESCRIPTION OF MODEL
Fiberglass Model 5391 represents a 240-foot (73.15 m) ARS-46 salvage
ship constructed in accordance with NAVSEA molded lines Drawing 3213
SK.NO. 0006 dated 6 June 1979. A linear ratio of 15.357 was selected so
that a 4-bladed stock propeller with a diameter of 7.72 inches (19.61 cm)

could be used in the powering experiments. All experiments were performed
using the model fitted with shafts, struts, bilge keels. skeg. rudders and

with the bow thruster tunnel completely open. Turbulence was induced by a

/
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0.025 inch (0.64 mm) trip wire located 9.378 inches (23.82 cm) aft of the
leading edge of the bow. Since the trip-wire drag appeared to be insigni-~
ficant, no correction was made to the total dragof the model. Additional
ship and model data along with hull characteristics are given in Table 1.
Abbreviated hull lines of the ARS~46 are shown in Figure 1. Open-water

characteristic curves for DINSRDC stock propellers 3228 and 3229 are shown
in Figure 2.

DESCRIPTION OF EXPERIMENTS AND PRESENTATION
OF RESULTS

All powering predictions reported herein are for the ship operating
in smooth, deep, salt water with a temperature of 15 degrees Celsius. A
correlation allowance (CA) of 0.0005 and the 1957 ITTC Ship-Model Correlation
Line were used for all frictional calculations as requested by the sponsor.
All predictions are made for the ship at the design draft of 15.5 feet
(4,72 m), trimmed to a level baseline and a displacement corresponding
to 2862 tons (2908 metric tons). Propeller rotation was in the outboard
direction.

Data for the optimum rudder experiment are presented graphically
in Figure 3. Predictions of PE’ PD’ and allied data from the resistance
and Lhe free route prupulsion experiments are tabulated or Tables 2 and
3 and are shown graphically in Figure 4.

Data for the ahead bollard pull condition are tabulated in Table 4
and presented graphically in Figure 5. Data for the ahead towrope pull -
condition at a ship speed of 6 knots are presented in Table 5 and are
presented graphically in Figure 6,

The PE’ PD’ RPM and other data from the backing resistance and
propulsion experiments are presented in Tables 6 and 7. These data are
presented graphically in Figure 7. The speeds for the backing conditdion
were limited to a maximum ~f 8 knots full-scale as requested by the
sponsor, Data for the asterr bnllard pull condition are presented in Table
8 and graphically presented in Figure 8.

The accuracies normally expected of model experiments for surface ships
conducted at DINSRDC deep-water basin at model speeds above 2 knots (for
this ship 8 knots, full scale) are + 1.5 percent for effective power predic-

tions and + 2,5 percent for delivered power predictions.

2
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A propeller disk wake survey was performed with the model fitted
with appendages except for one rudder. The wake survey was conducted
with the model ballasted to represent a full load draft of 15.5 feet
(4.72 a) with zero initial trim, at a displacement of 2862 tons (2908
metric tons) full scale, and at a velocity representing a ship speed
of 16.0 knots (8.23 m/s). The propeller plane in which the measurements
of velocity were taken was 5.0 feet (1,52 m) aft of section 18.

A pitot tube rake, DTNSRDC No. .6, and 4 differential pressure gauges
were used to measure the velocities in the plane of the propeller disk
at five radial locations. Figure 9 shows, the five 5-hole spherical
pitot tubes mounted in a housing.

The full scale propeller disk was 9.9 feet (3.02 m) in diameter.

The measnrements were made at non-dimensional radii (r/R) of 0.332, 0.516,
0.715, 0.883, and 1.088.

To ensure the proper running trim throughout the experiments, the
model was towed at the proper speed and displacement, allowed to trim
tc a steady running condition and locked in place at this trimmed con-
dition,

The circumferential distribution of the longitudinal, tangential, and
radial velocity component ratios are shown graphically for each pitot
tube radius in Figures 10 through l4. The mean longitudinal (VXBAR),
tangential’ (VTBAR), and radial (VRBAR) component ratios of the velocity
component ratios and volumetric mean wake velocity ratio (l—wx) are presented
in Talle 9. Except for the radial component (VRBAR), these quantities are
shown graphically in Figure 15. )

Calculated mean values of the advance angle (BBAR), and the maximum
variations of advance angle, (BPOS) and (BNEG), are given in Figure 16
and Table 9. An advance coefficient, J , of 0.807, determined from the
propulsion experiments, was used to calculate the advance angles. A
diagram showing the relationship between the longitudinal and tangential
velocity vectors, the advance coefficients and the advance angles is des~
cribed in the notation section of this report.

Tables 10 through 13 present the harmonic analysis of the circumferen~ ﬂ

tial distributions of the longitudinal and tangential velocity component
component ratios at the experimental radii.

3




The accuracy of the wake survey apparatus is estimated to be + 1

percent on the longitudinal velocity component ratio (VX/V) except in
areas where steep velocity gradients occur. In these areas such as behind

a shaft strut the accuracy is significantly less,

CONCLUSIONS

The data from the free route propulsion experiments show that when
fitted with 9.9-foot prototypes of DINSRDC stock propellers 3228 and
3229, the ARS-46 will attain a speed of about 16.1 knots using 5200
delivered horsepower (3877 kW) at 205 propeller revolutions per minute.

The ahead bollard pull experimental data show that at 5200 delivered
horsepower (3877 kW) a bollard pull of about 108,000 pounds (480.kN) will
be attained. For the 6-knot towrope pull experiment at the delivered
power of 5200 horsepower a pull of about 88,500 pounds (394, kN) will
be attained.

Data from the astern propulsion experiment show that the ARS-46
will attain a backing speed of about 8.0 knots using about 690 delivered
horsepower (514.kW) at 103 propeller revolutions per minute. The data
for the astern bollard pull condition show that at the delivered power
of 5200 horsepower (3877 kW) a bollard pull of about 87,002 pounds
(387.kN) will be attained.

The data from the wake survey experiment has been compared with
data from the ATS-1 design, which is somewhat similar to ARS-46. This

comparison showed that the results from this wake survey are reasonable.
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Figure 4 - POWERING PREDICTIONS FOR ARS-46 REPRESENTED BY MODEL 5391
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Figure 6 - POWERING PREDICTIONS FOR ARS-46 REPRESENTED BY MODEL 5391 IN THE
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.025 IN TRIP WIRE

IN THE AHEAD TOWROPE PULL CONDITION
GTH 240 FT (73.2 m) BLAM 50 FT (15.2 m) DISPLACEMENT 2862 TONS (2908 tonnes)

2
DRAFT 15.5 FT (4.72 m) EVEN KEEL WETIED SURFACE 14536 HZ (1350 m™)

PROPELLERS 3228 AND 3229 (QUTBOARD ROTATION) i

9 FT (3,02 m) P/D = 1,04
SHIP SPEED = 6 Knots

POWERING PREDICTIONS POR ARS 46 REPRESENTED BY MODEL 5391
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POWERING PREDICTIONS FOR ARS 46
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Figure 9 - PITOT TUBE ARRANGEMENT SHOWING SPHERYCAL HEAD PITOT TUBES
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Table 3

POWERING PREDICTIONS FOR ARS 46, REPRESENTED BY MODEL 5391

(EXPERIMENT 3)
DISPLACEMENT 2862 TONS (2908 tonnes)
DRAFT 15,5 FT , (4,72 m)
WETTED SURFACE 14536 FT° (1350 m°)
Cy 0.0005

EVEN KEEL FULLY APPENDED PROPELLERS 3228 AND 3229

SHIP SPEED EFFECTIVE POWER(PE) DELIVERED POWER REVOLUTIONS

(HORSE- (KIL.O- (HORSE- (KILO-
(KNDTS) (M/SEC) POWER) WATTS) POWER) UWATTS)
3. 1.54 15. 10. 20. 15.
4.8 2.86 3a. 25. 50. 35.
5.0 2.57 60. 45. 95. 70.
6.0 3.89 110, 80. 165. 125.
7.8 3.68 18a. 135. 270. 205.
8.0 4.12 2ra. 205. 415. 318.
9.9 4.63 390. 290. 59S. 445,
18.6 5.14 545. 485. 83S. 620.
11.0 5.66 760. 565. 117a. 879.
12.0 6.17 1836. 7. 1618. 128@0.
13.9 6.69 1360. 1820. 2138. 1590.
(4.0 V.20 1790. 1320. 2770, 2070.
15.e 7.72 2350. 1750. 3738. 2788.
16.0 8.23 38908, 23p00. 5068. 3ree.
SHIP EFFICIENCIESC(ETAR) THRUST DEDUCTION
SPEED AND WAKE FACTORS

(KNOTS) ETAD ETA0 ETAH ETAR  1-THDF 1-WFTT i-LFTQ

3.2 8.655 ©.720 0.980 ©0.930 0.925 0.945 8.52@
4.8 0.655 ©.720 B©.975 0.938 ©.925 0.950 0,92%
5.0 0.655 @.r28 8.975 0.930 ©.925 0.958 8.930
6. 9.655 ©.720 8.980 ©.339 8,925 8.945 @0.92%
7.0 06.A55 ©.720 0,985 0.925 9.925 0.948 0.°1%
8.0 B.655 @.715 8,990 ©.920 B.925 0.935 0.965%
3.8 ©6.655 €.71S5 ©.995 ©0.928 B.925 ©.338 0.90%
18.6 @.655 @,71S5 ©8.9%99 0,925 9.925 0.935 0.90S
11.8 ©.650 @.,718 9,985 0,925 0,315 0.930 Q.90
2. ©.649 ©.710 0.970 0.938 ©.920 0.925 @.900
132.0 9.648 0,705 8.9790 ©.935 0.895 @,925 0.89%
4.8 8.645 @.700 ©.975 0.940 92.908 AN.928 0.208
15.6 0.6390 06.655 0.950 0.955 0.880 0.925 8,905
16.8 9.610 0.6958 0.920 ©.968 0.872 D.945 0.92%

NOTE: ALL VALUES ARE ROUNDED
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NNV - DNUNWON

ADVANCE
COEF.
ADVC

e.
.835
.835
.835
.625
.820
.820
.820
.810
.795
.798
.788
778
.7608
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Table 7
POWERING PREDICTIONS FOR ARS 46, REPRESENTED BY MODEL 5391, IN THE BACKING
CONDITION
(EXPERIMENT 8)
DISPLACEMENT 2862 TONS (2908 tonnes) EVEN KEEL
DRAFT 15.5 PT (4,72 m} FULLY APPENDED
WETTED SURFACE 14536 FT (1350 m*) PROPELLERS 3228
Ca 0.0005 AND 3229
SHIP SPEED EFFECTIVE POWER(PE) DELIVERED POWER  REVOLUTIONS
(HORSE-  (KILO- (HORSE-  (KILO- PED
(KNOTS) (M/SEC)  POWER)  UWATTS) POWER)  LIATTS) MINLTE
3.0 1.54 20. 15. as. 34. a7
3.5 1.60 25. 28. 60, 45. 45. 1
4.0 2.06 48, 30. 9a. 7i. S1.5
4.5 2.31 55S. 40. 125, 95, 57.8
5.0 2.57 75. 55, 175s. 130, 64.4
5.5 2.8% 198. 75. 238, 175. 71.9
6.0 ‘.09 138. 35, 300. 25. TN
6.5 3.34 160. 129. 373, 280, £3.1
7.8 2,50 200. 150, A64. 340. au.6
7.9 3.86 245. 185, 568. 426, an. 1
8.5 4.12 310. 238, 69S. 510, 16, .4
8.5 4037 37S. 280. g2A. 616. 109,
9.1 4.63 450, 335, 75. 73a. 115.3
a.g 4,89 535. a0n. 1150, 866 . 123.2
SHIP EFFICIENCIESCETA) THRUST DEDUCTION  ADVANCS
SPEED BND LJAKE FRCTORS oot
(KNOTS) ETPD  ETAS  ETAH  ETAR  1=THDT “-iET™ 1-l=7p =~
2.0 2.425 @.700 B0.77S ©.780 B8.780 1.295 @.885  0.790
3.0 C.AS 6.7 A.7?S @.7YS  B.788  1.005 ©.898 0.E00
Al 10,425 €.705 0.785 8.779  A.780 M.99% 0.87% 0.735
4.5 ©.430 G710 0.780 0.77 9.780 1.000 ©.88% 0.200
5.8 0.430 &.718 0.775 0.77S 0.780 1.095 0.£98 0.600
5.5 J.477 §@.710 @.77¢ €.780  B8.78Q 1.819 0.20%  0.808
6.0 N.430 0.7 B8.799 A.T7S  B.78H  1.A60 @.33%  0.200
6.5 9,430 9.710 B.765 0.799 B.765 ©0.995 @.89¢ 0.7995
S 7.0 0,435 u,7i@ B.768 0.8AS  B.768 £.995 @.200 0,795
~ 7.5 L4t 0,71 0.760 0.915 A.768 B©.93% 0.9°%  0.795
8.0 0.450 6,705 B.775 0.830 B8.768 0.985 A.906  0.799
8.5 (.455% w./NS ©9.780 0.830 92.774 0.9%9 08.90%  ([1.790
9.0 .45k 0 7AS 0,795 8,028 2,785 0.99% @.9¢6 0.790
9.5 N.455 ©.718 @.7980 ©.8%0 8.8 1.0t R.%30  0.800
!
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DTNSRDC t1SSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH-
NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM-
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE.
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTIFICATION.

3. TECHNICAL MEMORANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN-
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE

BASIS.




